Fructose, glucose, and mannose were treated with subcritical aqueous ethanol for 2 ethanol concentrations ranging from 0 to 80 % (v/v) at 180-200 °C. The aldose-ketose 3 isomerization was more favorable than ketose-aldose isomerization and 4 glucose-mannose epimerization. The isomerization of the monosaccharides was 5 promoted by the addition of ethanol. In particular, mannose was isomerized most easily 6 to fructose in subcritical aqueous ethanol. The apparent equilibrium constants for the 7 isomerizations of mannose to fructose, K eq,MF , and glucose to fructose, K eq,GF , were 8 independent of ethanol concentration and increased with increasing temperature. 9 Moreover, the K eq,MF value was much larger than the K eq,GF value. The enthalpies for 10 the isomerization of mannose to fructose, ΔH MF , and glucose to fructose, ΔH GF , were 11 estimated to be 18 and 24 kJ/mol, respectively, according to van't Hoff equation. 12 Subcritical aqueous ethanol can be used to produce fructose from glucose and mannose 13 efficiently.
Introduction 0.25 mL/min. The columns were maintained at 30 °C in a CTO-10AVP column oven 89 (Shimadzu). To investigate the mutual isomerization among glucose, mannose, and fructose, the 154 latter two saccharides were also treated under the same conditions as those for glucose. 155 Fig. 4 shows the isomerizations of fructose to glucose and mannose, glucose to fructose 156 and mannose, and mannose to fructose and glucose in 80 % (v/v) aqueous ethanol at and isomerization of the monosaccharides were assumed to follow first-order kinetics, 10) 188 the reaction rate of each monosaccharide can be expressed as follows:
Results and discussion
of 10 8 -10 12 s 1 and 90-130 kJ/mol, respectively. The activation energies of the 217 isomerizations were similar to those of the monosaccharide decompositions in 100 %
218
(v/v) subcritical water, 21) thus indicating that the isomerization and decomposition of 219 monosaccharides would have a similar energy barrier.
221
Reaction equilibrium for the isomerization of monosaccharides 222 Figure 5 also shows that the isomerizations of mannose to fructose and glucose to 223 fructose have high reaction equilibrium constants, K eq . The K eq values were calculated 224 from the rate constants (K eq,MF = k MF /k FM and K eq,GF = k GF /k FG ); they were not where ΔH and R are the change in enthalpy and gas constant, respectively (Fig. 7) . The 230 equilibrium constants for the isomerization of mannose to fructose, K eq,MF , were 231 higher than those for the isomerization of glucose to fructose, K eq,GF . 
